Two chemically different 0-polysaccharides, a low molecular mass form of LPS and core LPS produced by chemostat-grown E. coli 0157, were analysed by SDS-PAGE, silver staining and immunoblotting. The reactivities of the different 0-polysaccharides with antisera prepared against E. coli 0157 grown in batch culture, Salmonella 030 or Brucella abortus were very similar, showing that the 0-polysaccharides share at least some antigenic determinants. The reactions of the low molecular mass LPS with the antisera indicated it was semi-rough LPS having one repeat unit of the 0-polysaccharide attached to core LPS. I N T R O D U C T I O N The serotype-specific antigens of smooth strains of Gram-negative bacteria are carried on the lipopolysaccharide (LPS) of their outer membrane, specifically on the 0-polysaccharide portion of the molecule. Structural studies of LPS have helped to determine the molecular basis of serological classifications and reactivities. The serological cross-reactions which occur between Escherichia coli 0 1 57, Brucella abortus, Yersinia enterocolitica 0 9 and Vibrio cholerae strains have been related to the presence of 1+2-linked 4-amino-4,6-dideoxy-a-~-mannopyranose (D-perosamine) residues in the 0-polysaccharide repeating unit of their LPSs (Perry et al., 1986).
1 : 3000 in 1 % gelatin-TTBS, before being washed three times for 10 min each with TTBS and once for 10 min with TBS. Finally, sheets were incubated for 30 min with a colour development solution containing 4-chloro-1 -naphthol prepared according to the manufacturer's instructions (Bio-Rad) .
The second antibodies used were affinity-purified goat anti-rabbit IgG HRP conjugate (Bio-Rad) and chromatographically-purified rabbit anti-cow immunoglobulins HRP conjugate (Dakopatts).
Absorption of antiserum. E. cofi 0157 was grown in L-broth for 18 h at 37 "C. Bacteria were harvested by centrifugation, washed and resuspended in TBS to an OD,,, of 0.6. Cell suspension (5 ml) was added to anti-E. cofi sera diluted 1 : 1000 in 50 ml of 1 % gelatin-TBS. This mixture was incubated at room temperature for 1 h. Cells were removed by centrifugation at 12OOOg for 10min. The efficiency of absorption of the antiserum was monitored using proteinase-K digested cells which had been grown in L-broth for 18 h at 37 "C. Fig. 1 a ) showed the various forms of LPS produced by E. coli 0157 grown under different conditions as established previously (Dodds et al., 1987) . Although LPS was present in both the aqueous and phenol phases after hot phenol-water extraction of cells, the phenol phase preferentially extracted high molecular mass LPS and, by comparison with the LPS of proteinase-K digested whole cells, was shown to be representative of the LPS produced by cells grown at low growth rates or in batch culture. The aqueous phase contained more low molecular mass LPS and was representative of the LPS produced by cells grown at high growth rates (Dodds et al., 1987) . Phenol-phase LPS from C-limited or Mg2+-limited cells grown at D = 0.1 or 0.4 h-' showed high molecular mass 'ladder-like' bands characteristic of smooth LPS containing 0-polysaccharides of heterogeneous chain length, as well as lower molecular mass bands characteristic of rough LPS (lanes 2-6). Very little or no high molecular mass LPS was evident in the aqueous-phase LPS from C-limited cells grown at D = 0.8 h-l or from Mg2+limited cells grown at D = 0.4 h-' (lanes 10-13). The predominant form of LPS from these cells stained as distinct bands, apparently intermediate in molecular mass. Re-electrophoresis, in which most of this material migrated to the position of the second lowest molecular mass band in the first dimension, showed that the intermediate bands represented multimers or aggregates of low-molecular mass LPS (Dodds et af., 1987) . The antigenic reactivity between the LPSs produced by chemostat-grown E. coli 0157 and polyclonal antiserum raised against E. coli 0157 grown in batch culture was examined by immunoblotting ( Fig. 1 b) . Purified LPS from B. abortus 119-3 and P. hemolytica serotype 4 (Fig.   1 , lanes 1 and 14, respectively), used as standards for the silver stain, also served as negative controls for the immunoblot assay. The banding patterns shown by phenol-phase LPS from Climited or Mg'+-limited cells grown at D = 0.1 or 0.4 h-I were very similar in both the silverstained gel and the immunoblot (Fig. 1 , lanes 2-6) indicating the antiserum reacted with both the 0-polysaccharide and the core regions of these LPSs. A slightly stronger reaction was shown with the core of these LPSs. An equally strong immunoblot reaction was obtained with the LPS produced by C-limited cells grown at D = 0.8 h-l and by Mg*+-limited cells grown at D = 0.4 h-' which formed multimers on SDS-PAGE ( Fig. 1 b, lanes 9-13). Although high molecular mass 0-polysaccharide bands could not be distinguished when the LPSs from these cells were silver stained, they were evident in the immunoblot, showing the increased sensitivity of the immunoblot technique ( Fig. lb, lanes 9-13) . The core region of all aqueous-phase LPS preparations and the core region of phenol-phase LPS from C-limited cells grown at D = 0.8 h-* ( Fig, 1 by lanes 7-13) reacted very weakly or not at all with the antiserum showing a clear difference to the silver-stained gel and to the reactions of phenol-phase LPS from C-limited or Mg'+-limited cells grown at D = 0.1 or 0.4 h-l ( Fig. 1 b, lanes 2-6) .
RESULTS

Analysis by SDS-PAGE (
The 0-polysaccharide of the LPS produced by S. landau 030 and that of E. coli 0 1 57 grown in batch culture are identical except that half the D-glucopyranosyl residues in the S . landau 030 LPS bear 0-acetyl substituents at C-6 (Perry et al., 1986) . Anti-Salmonella 030 serum was reacted with the E. coli 0157 LPSs (Fig. 2) . The two standard LPSs, S. adefuide 035 and P.
hemolytica serotype 4, served as negative controls (Fig. 2b, lanes 1 and 14, respectively) . The antiserum did not react with any of the core LPSs of E. coli 0157 but did react with all other forms of LPS. The relative intensities of the bands other than core LPS in the immunoblot were approximately the same as in the silver-stained gel.
Serological cross-reactions which occur between E. coli 0157 and B. abortus are due to the presence of perosamine in their 0-polysaccharides (Perry et a/., 1986) . Since one of the differences between the LPS produced by chemostat-grown E. cofi at high and low growth rates was in the amino sugar composition, the reactivity of the LPSs produced by E. coli 0 1 57 with B. abortus antiserum was examined (Fig. 3 ). In the silver-stained gel, B. abortus LPS showed a blurred band of high molecular mass and another of low molecular mass, while in the immunoblot a much larger region stained, again showing the increased sensitivity of this method. P. hernofytica serotype 4 LPS (Fig. 3b, lane 14) showed no reaction with the antiserum. Not all of the E. coli 0157 LPSs reacted with the antiserum. The high molecular mass 0polysaccharide bands reacted very weakly or not at all (Fig. 3b , lanes 2-4, 10, 13). The multimeric LPS bands reacted much more strongly (Fig. 3 b, lanes 5-7, 9, 1 1, 12). Again, the E. cofi core LPSs did not react.
Anti-E. cofi serum was absorbed with E. coli cells grown overnight in batch culture to remove antibodies specific for the 0-polysaccharide containing 2-aminohexose. Cells grown in batch culture were previously found to produce smooth LPS with this 0-polysaccharide (Perry et al., 1986) . Absorbing the antiserum greatly reduced the reaction of the 0-polysaccharide bands in the immunoblot (Fig. 4b, lanes 2-4,8) . This is most evident in the proteinase-K digested wholecell lysates (Fig. 4b, lane 8) chain length were evident in the silver-stained LPS profile of these cells but they were very weak in the immunoblot. The material that did react in the immunoblot was of lower molecular mass than smooth LPS and could have been due to a reaction of the antiserum with some cellular proteins. Reactions of the low molecular mass LPS were unaffected by absorption of the antiserum. 
DISCUSSION
In a previous report (Dodds et al., 1987) we showed that the structure of the LPS produced by chemostat-grown E. coli0157 depended on the rate at which the organism was grown and on the nutrient that was growth limiting. The LPS produced by C-limited cells grown at D = 0.1 or 0.4 h-l and by Mg2+-limited cells grown at D = 0.1 h-l was identical to that produced by batchgrown cells, the 0-polysaccharide of which has been characterized as a linear polysaccharide having the structure [-3)-a-~-GalNAcp-( 1 +2)-a-~-PerNAcp-( 1+3)-a-~-Fucp-( 1+4)-Q-~-Glcp-(1-I,, (Perry et al., 1986) . C-limited cells grown at D = 0.8 h-l and Mg2+-limited cells grown at D = 0.4 h-I produced a very small amount of smooth LPS with an 0-polysaccharide lacking 2aminohexose, thus differing from the aforementioned 0-polysaccharide, and a large proportion of low molecular mass LPS which tended to form multimers on SDS-PAGE. In this study, we have further characterized the LPSs produced by E. coli 0157 using electrophoresis and immunoblotting.
The 0-polysaccharide from cells of E . coli 0157 grown under C-limitation at D = 0.8 h-l or under Mg2+-limitation at D = 0.4 h-I differs chemically from, but appears to have some of the same antigenic determinants as, the 0-polysaccharide from cells grown in batch culture or under C-limitation at D = 0.1 and 0.4 h-l or under Mg2+-limitation at D = 0.1 h-l. Both 0polysaccharides reacted with the polyclonal serum prepared against E. coli 0157 grown in batch culture (Fig. 1 b) , a reaction which demonstrated the sensitivity of the immunoblot assay since these bands were not evident in the LPS from cells grown under C-limitation at D = 0.8 h-l or under Mg+2-limitation at D = 0.4 h-l after silver staining. Both 0-polysaccharides also reacted with antiserum specific for the 0-polysaccharide of Salmonella 030 (Fig. 2 6) . E. coli0157 grown in batch culture cross reacts with group N Salmonella (antigen 030) due to 0-polysaccharides which are identical except that half of the D-glucopyranosyl residues in the group N Salmonella LPS are 6-0-acetylated (Perryet al., 1986) . Antiserum raised against B. abortus gave very little or no reaction with the 0-polysaccharides produced by E. coli 0157 (Fig. 3b ) even though the presence of perosamine in both 0-polysaccharides can cause cross reactions (Perry et al., 1986) . Because the reactivities of the different 0-polysaccharides produced by E. coli 0157 to the different antisera were so similar, we conclude that the differences between them are subtle.
The low molecular mass aqueous-phase LPS produced by C-limited cells grown at D = 0.8 h-' and by Mg2+-limited cells grown at D = 0-4 h-l which formed multimers on SDS-PAGE also appears to share some antigenic determinants with the 0-polysaccharide produced by E. coli 0157 grown in batch culture or under C-limitation at D = 0.1 or 0-4 h-l or under Mg2+limitation at D = 0.1 h-'. It reacted just as strongly as 0-polysaccharide with antisera raised against batch-grown E. coli 0157 ( Fig. 1 b) , but this antiserum may contain antibodies directed at determinants other than 0-polysaccharide. The low molecular mass LPS also reacted just as strongly as 0-polysaccharide with antisera specific for Salmonella 030 0-polysaccharide ( Fig.  2b) . However, some differences in reactivities were apparent. While the 0-polysaccharides reacted very weakly or not at all with antiserum raised against B. abortus, the low molecular mass LPS gave a fairly strong reaction (Fig. 36 ). Since the B. abortus 0-polysaccharide is a homopolymer of perosamine this sugar is likely to be present in this LPS. While the normal E. coli 0157 0-polysaccharide also contains this sugar, it did not react, thus the particular antigenic determinant may be more accessible in the low molecular mass LPS. Absorption of the antiserum raised against E. coli 0157 with homologous cells reduced reactivity with 0polysaccharide but not with the low molecular mass LPS (Fig. 4b ). If, after absorption, antibody was no longer present in excess, a more exposed site on the low molecular mass LPS would be favoured. The reactivity of the low molecular mass LPS with antisera specific for, or known to cross react with, the 0-polysaccharide produced by batch-grown E. coli 0 1 57 confirms results of two-dimensional SDS-PAGE that this material represents semi-rough LPS having one repeat unit of 0-polysaccharide attached to core LPS.
The fastest migrating band of E. coli 0157 LPS, representing core LPS (Goldman & Leive, 1980; Munford et al., 1980; Palva & Makela, 1980) , unexpectedly showed differences in reactivity to the antiserum raised against E. coli 0157 (Fig. 1 b) . Core LPS from all phenol preparations except for that from C-limited cells grown at D = 0.8 h-l, reacted with the antiserum whereas the core LPS from aqueous-phase preparations did not. Because the structure of the core is thought to be essentially conserved (Mayer et al., 1985; Luderitz et al., 1982) and because these bands all showed the same mobility on SDS-PAGE, the differences are probably the result of minor differences in substitutions.
In our previous study (Dodds et al., 1987) , we found that a much higher proportion of rough LPS was produced by E. coli 0157 at high growth rates. Such changes have been related by others to a decrease in the activity of R-core-0-polysaccharide ligase relative to the other enzymes involved in LPS biosynthesis (McConnell & Wright, 1979) . The immunoblot assay has shown that the different 0-polysaccharides produced by E. coli 0157 have some antigenic determinants in common and the differences between the two are probably minor, possibly involving differences in modification of the polysaccharide after its assembly. The low molecular mass LPS produced by C-limited cells grown at D = 0.8 h-* and by Mg*+-limited cells grown at D = 0.4 h-l represents semi-rough LPS (core LPS plus only one repeat unit of 0polysaccharide) suggesting differences in the polymerization of repeating units. Thus, results from this study suggest that other aspects of the biosynthesis of LPS are also affected by growth conditions.
